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SHORT PULSR TECHNIQUUS FOR HICH DEFINITION RADAR SYSTEMS 


Abstract 


Taveetignitions have been carried out on the problems of preducing short 
pulses and the necessary squipment for utilizing these pulses. Modulators 
canable of producing pulses as short as 0.02 usec have been built and 
tested. A receiver with an i-f pass band of 35 Mc/sec and a video amolifier 
and descone with a pass bund of 35 Hc/sec have been built und tested, 

Three different tyves of mugnetrons, 725A, LVX, and 4WJ50 have been tested 
on ehort pulse overation with good results. 


Radar overntional teste using short pulse equipment indicate that short 
pulses are quite valuable in comhuting confus‘on tyves of interference and 


4m odtaining good signal definition, but are not recommended for long runge 
operation, or where any tyoes of elentrical interference are prerent. 
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SHORT PULSE TECHNIQUES FOX HIGH DEFINITION RADAR SYSTEMS 


I. JetROpUCTION 


The term "short-pilse technique" as used in this’ report applies to the 
Anvestigation and the solution of the following problema: (a) the effect of 
veriation of the pulse length of a radar system on the signals received from 
various types of targets and such as land signals, airplanes, boats and ships, 
and from various forms of clutter such as clouds, sea clutter and window; 

(b) the factors to be considered in the design of components to be used to 

' produce short pulses, and the corresponding receiving and indicating componente 
required to display such pulses; and (c) the effect of short pulses on mapping, 
signal definition, end minimum range. 

The study of short pulses was initiated in Group 44 as a countermeasure 
against such types of interference as window and false signals, as well as & 
method of reducing the signal return from clouds. Previous work at longer 
pulses had shown that the intensity of a signal from a cloud formation could 
be reduced by us‘ng shorter pulses. Since the signal return from window and 
false signals is of the seme nature as that from a cloud, it was felt that 
this type of interference could be largely eliminated by the use of very short 
Pulses. In addition, it was considered important to determine to what extent 
the probleas of minimum range and signal definition could be solved by the 
use of very short sulses and correspondingly narrow antenns patterns. 


TT, GUNERAL DESCRIPTION OF s¥sTENS 


The work on short pulses has been carried out on three aysteas, the 
D2=1, Jl-l, ad S-2,. These three systems are located on the roof of the 


George Kastuan Laboratory where they command a fairly good view of the 
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eurrounding vicinity. These scts are not preproduction models for any aystens 
used in the field by the armed forces. They are used primarily in connection 
with the experimental work carried on by Group 44. 

The D2-1 is an experimentel X-band system operated at a wavelength of 
3-2 cm with a peak power output of approximately 100 Kw. It is completely 
flexibls so that any type of radar equipment can be used in connection with it. 
The ref system of the D2-1 is made up of the following components. A 48 inch 
paraboloid, fed by a dipole antenna array mountod at the end of a waveguide 
transmission line, is used as the antenna system to furnish a narrow antenna 
beam, 1.6° wide at ths half-power points, A waveguide transmission line 
approximately 20 feet long ani containing thres rotating joints is used to 


transnit the r-f power from the magnetron to the antenna systea. Ths function 
of three rotating joints is to ellon the antenna system to be rotated contin= 
wously in azimuth, to be tilted in elevation fron -5 to + 75°, end to be 
changed from horizontal to vertical polarization while the system is scanning 
in asimuth or elevation. The r-f power is furnished by a 725A magnetron. 
The modulator used on this system is a hard tube modulator designed and { 
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tailt especially for s).ort pulse work. It will furnish pulses ranging in 
length from 0.6 to 0,03 usec. The peak voltage and current available are 
20 kv at 30 amperes. 
The receiver used on ths system is a special broad band type designed 
for short pulse wor., It hes an i=f pass band of 15 Mc/sec centered at 30 Nc/sec. 
This pacs band can be narrowed to 7 Mc/sec and 1.5 Mc/sec ty the insertion of 
the anpropriate filter networks. The i-f amplifier has sufficient cain at all 
pass bands for noise to saturate. The receiver is mounted on the mixer and 


duplexer in the waveguide transmission line and the vidso sivnals are applied 
at 5 volte maximum arplituds through a 75 ohm cable to the videc amplifiers. 
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Ths indicators used include three intensity modulated indicators and 
an Aescope. The intensity modulated indicators consist of a Sein. mee EET 
with sweep lengths of 5, 50, and 100 miles, a 7ein. mee PPI with sweep lengths 
of 10, 30, and 50 miles, and a 7-in, m-m PPI with sweep lengths of 1, 2, and 
3 miles, The latter is used for high definition mapping of near-by targete. 

A Y-Mc/seo non-linear video amplifier 1s used to drive these tubes. The A-scope 
consists of a Sein, cathode ray tube with sipnals being applied to it ty a 
10-Mc/sec video amplifier, which has sufficient gain to produce a 3ein 
deflection on the scope from an input signal of 5 volts. The sweep speeds 
available vary from 5 to 0.005 in./psec, 1.0., 150 yards to 100 miles for the 
full 5 in. sweep. 

The central contro] unit consists of a crystal controlled accurate ranging 
wnit which furnishes the nain trigger to the modulator and ths indicators, 
and aleo a delayed trigger which can be continuously delayed out to 100 niles. 
This trigger is used to delay the sweep on the A-scope so that any dssired 
portion of ths entire range can be presented on an expanded swesp. The 
trigger repetition frequency can be varied from 250 to 4000 pulses/sec. In 
addition ths control unit furnishes 1 mile and 10 mile rengemarks which can 
be applied either to the A-scope or the FPI's, 

The Jlel system is an experim ntal S-band system opereting at a wavee 
length of 9.1 cm with a peak power output of appro: imately 50 kw. The function 
of this ayetem is very similar to the D291 and it has the same degree of 
flexibility. 

Ths ref systen of ths Jlel contains the following componente, A 48-4in, 
paraboloid fed by a dipole erray mounted on the end of a stub-supported transe 
mission line is used as an antenna system to give an antenna pattern of 5° at 
half powor points. The ref power is transmitted from th. magnetron to the 
antenna by means of ea 20-ft. stub -supported transmission line containing three 
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rotating joints. These rotating joints allow the same freedom of motion in 
the antenna system as is possible in the antenna system of the D2e1, The ref 
power is furnished by a 2J25 magnetron. 

The modulator used in this systex is of convential design, modified to 
give pulse lengths verying in length from 5 usec down to,0.10 psec. It is 
a hard tube type furnishinr pulses at a peak voltege and current of 15 kv 
at 30 amperes. 

The receiving and indicating components are aleo similar to those used 
4a the D2-1. The receiver is identical in passband and gain characteristics, 
but it base an input designed for an S-band mixer. The indicators used consist 
of a 7ein, mee FEI, a 7-in. m-e PPI, and the same 7-in. mem PPI with the fast 
sweeps as is used on the D2-]1. This indicator is located on the indicator 
table half way between the two systems and can be used on either system merely 
ty switching selsyn controls and video signals. A 7 Mc/sec video amplifier is 
used to drive these indicators. The A-scope used on the S192 is identical to 
that used on D2-1, 

The central control system on Jl-l consists of a crystal controlled 
accurate ranging unit which containg tro J-scopes (circuler trace tubes). A 
2000-yard sweep and a 32,000-yard sweep are applied to these tubes, and any 
Geaired 2,000-yard section on the 32,000-yard sweep tube can be presented on 
the fast sweep scope. In addition, any 32,000~yard section extending out to 
480,000 yards can be presented on the 32,000-yari scope. This unit furnishes 
the main trigrers for the modulator and indicators. The trigrer repetition 
frequency cen be varied from 250 to 4,000 pulses/sec, 

The most recent experimental] system incorporating advanced dssign features 
has been given the designation S-2, It is located on a penthouss on the roof 
of George Eastman Laboratory at N.I.T. From this position the system has an 


unobstructed view in all directions except in the direction of the main dome 
9124, 
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on M. I, T. This esyetem has both an S-band and an X-band radar set built 
into it. The X-band system was designed primarily for work on short pulses 
while the S-band system was used mainly on other AJ studies. 

The antenna system used on S-2 consists of a 7 x 11 foot out paraboloid. 
This is a horisontal grid structure with a grid spacing of 0.5 in, This 
paraboloid is fed by means of horn type antennas at the ends of the waveguide 
transmigsion lines. The total length of transmission line in either systen 
Goes not exceed 10 feet. This antenna system can scan continucusly in asinuth 
and from -5 to 410 deg. in elevation. Only horizontal polerisation can be used, 
due to the construction of the reflector, The beamwidth is 1.8 deg. in 
asimuth at half power points on S-band, and 0.6 deg. on X-band. 

All ref and receiving components for both systems are located in a cab 
which is sonnted on the rear of the antenna systen. The magnet and magnetron 
ef the S-band system are located in the cab. Tho modulator is located in the 
control room and the pulse is transmitted to the magnetron by means of a 
high-voltage pulse cable and a pulse transformer. The modulator, magnetron, 
and magnet of the X-band system are mounted in the cab. The high voltage, 
eereen, and bias supplies, and the trigger are supplied by components in the 
control. room and transmitted to the cab components by means of slip rings. 

-The slip ring assembly used on S-2 consiste of four sections. One section 
conteins 70 silver elip rings and silver graphite brushes for uee in trans- 
ferring the low voltage (115 volts) a-c and dec power. This section also 
handles all video connections, and systems controls used ty the two systems. 
The second section consists of two lerger concentric rings which handle the 
screen and bias voltage supplies for the X-band modulator. The third section 
consists of one large ring which supplies the high voltage for the sodulator. 
The fourth section is a coaxial rotating joint which is used to transait the 


highevoltage pulse up to the S-band magnetron. 
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Since this I~band syster was designed primarily for short~pulee work, 
special emphasis has been placed on the components used. The modulator used 
was specially designed and tuilt for this rarticular work. It furnishes 
Pulees varying in length from 0.20 psec down to a minimm of 0.02 nsec to 
@ high power BTL 4350 magnetron. 

The following receiver snd indiccting units are used. A special wide 
band receiver with an i~f pass band of 35 Mc/sec is used to receive the very 
short pulses. The video output from this receiver is fed to a special widee 
band (35<Mc/sec) video amplifier and A-scope. This A-scope has sweep speeds 
varying from 20 to 0.0005 in./isec, i.e., 40 yards to 1000 niles for the full. 
gweep. The intensity modulated indicetor used at present is a 7=in. mm PPI 
with sweep lengths ranging from a minimum of 2 miles up to 800 afiles. A 
l2-lic/sec video amplifier is used to drive this tube. 





The construction of a radar set to be used for short pulse work involves 
the application of some principles which usually will not cause any trouble 
if neglected in conventional radar design. These principles will be discussed 
din connection with the various components whose behavior ie determined ty them. 

As is well known, the pulse length used by any radar system is determined 
by the modulator which produces the high voltage pulse applied to the magnetron. 
In designing such a modulator certein important principles should be observed. 
Fundamentally, a hard-tube modulator is nothing nore then a high powered video 
amplifier. Thus, any principles involved in making a videu amplifier with a 
very wide pass band are applicable to the design of short~pulse modulators. In 
designing a short pulse modulator, one mist first decide on the pulse length 
and pulse shaping desired. The rise time desired on the pulse «ill deternine 


the hirhest frequency response required, und the shape of the pulse will 
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deteruine what type of pulee forming network is required, i.e., whether a 
network made up of a small cr large ounber of lumped constant sections or 
whether a length of cable is needed. 

The factors to be observed in the design of short pulse nodulators 
might be sumerised in the following manner. All stray capacitances and 
inductances w:st be kept at a minigum. All ground leads must be as short, 
hesvy, and common as possible, i.e., if possible, all modulator components 
and magnetron should be mounted on the same ground and as close together as 
the necessary high-voltage precautions will permit. All other connecting 
wires must be as short as possible, i.e., if one wishes to keep the pulse 
short and properly shaped, long leads should not be used between the modulator 


and magnetron, or in the rodulator itself, Transformer coupling cannot be 
weed for pulses shorter than 0.125 ysec, since the prusent pulse transformers 
Go not have a good enough frequency response to pass shorter pulses. Also 
they cause ringing on the top of and following the pulses. Such ringing 
cannot be tolerated if one is interested in minimm ranges. Jitter=free 
tubes must be used in the trigrering circuits, since any such trigger 
dingtability will spoil the presentation of the signals observed, unless the 
modulater furnishes the nceter trigger for the cther units. In a modulatore 
triggered system, it is impossible to view signals at a minimum range, due 

to the starting time of tic indicators, liodulator tubes should have a high 
transconductance and very lov interelectrode capacity, as well as high power 
Gissipation. High-power triodes arc not satisfactory, due to their change 

4n capacitance with change in gain and because * mach power is required to 
rive them properly. Finally, all acreen and bixs supplies should be well 
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regulated so that the operating characteristics of the tube will not change 
when the pulee length or repetition frequency is changed. 
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An ideal. short~pulse modulator would be one which produces a very short 
Pulse with a very short rise tine, a flat top with no spike at the front edge, 
and a fairly short decay tino with no ringing following the pulses. Some 
progress has been sade toward this goal in the work on short pulses. Three 
different modulators have been built and tested on systems in connection with 
this work. The voltege pulses, available in each case, have very short rise 
times ( 0.02 nsec), they sre reasonably flat on top, the decay tine is 
approdimately 0.2 psec, and there is no ringing following the pulse. Three 
Gifferent types of pulse forming netuorks have been used in these modulators 
with comparable results. These modulators were tested on a 725A, a LVX, and 
@ BTL 4550 magnetron. Each magnetron operated satisfactorily at all pulse 
lengths. Contrary to popular belief, the fast rise times on the pulses did 
not cause the tubes to jump modcs. Tho only time that instability of this 
type was observable, occurred when excessive spikes were present on the 
leading edges of the culses. 

Since the present design of the short-pulse modulator is quite different 
fron that of the first modulator used in this work, a brief survey of shorte 


| 
| 


wee nae ne ee 
o 


pulse modulator development as carried out in this group will be given. 

The first modulator used ras a standard model modified to attempt to 
produce short pulses. It co:sisted of a combination of a pulse forming network 
and a blocking oscillator to procuce a lowevoltage p:lse. This pulee was 
epplied by moans of a transforner to a driver tube which in turn was transformer 
coupled to the modulator. The output was applied to the magnetron through 
connecting wires about 15 inches long. This modulator was modified to produce 
pulses varying in length from 5 psec down to 0.05 psec. It worked satisfactorily 
at pulse lengths down to 0.25 psec, but below this value the pulse had a very 
poor shape and there was considerable ringing following the pulse. The errors 
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An the design of this modulator weres (a) the driver unit ms built on a 
Bakelite chassis with no heavy common ground; (b) transformer coupling caused 
excessive ringing following the pulee; (0) a pulse transformer was used in 
the formation of the pulse <= this method is unsatisfactory at pulse lengths 
shorter than 0.125 psec due to the frequency response of the pulse transformer, 
(4) the poor placement of components necessitated long connecting leads, 

(e) the power supplies for the screen and bias volteges were poorly regulated) 
end (f) the pulse shape was spoiled by the long connecting leads between the 
modulator and the magnetron, 

Since this first modulator was not satisfacoty a second one was designed 
and constructed for work on short pulses. In this modulator, special attention 
has been given toward eliminating the defeots listed above. ‘The entire 
modulator is built on a steel chassis with components placed so that lead 
lengths are on short as possible. In addition, a change in pulse length from 
ite maximm length of 0.6 usec down to tho minimum of 0.03 psec does not 
eeusge the screen or bias voltage to vary more than 2%, The circuit diagres 
of this modulator is given in Fig. 1. The action of this modulator is as 
follows: A positive trigger is applied to the first blocking oscillator. 

This oscillator acts as an isolating circuit so that any sise input trigger 
ean. be applied without affecting the operetion of the modulator. The output 
wigger from the isolating circuit is applied to a second blocking oscillator 
whieh furnishes a high voltage trigger with a very fast rise time (400 volts 
pmee) to the hydrogen thyretron. The plate of the hydrogen thyratron is 
ecuplled to the primary of an eire-core transformer. The secondary of this 
¢evansformer is tuned to the fundamental of the desired pulse chile the primary 
4s tuned to some frequency much lorcr. When the thyratron fires, the secondary 
of the transformer begins to oscillate at its resonant frequency. It is 
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allowed to cesiliate for a positive half cycle, then is sharply dexped 
ty a diode connected across it. Due to the 2:1 step up ratio of the 
twansformer, this positive half cycle has a voltage of approximately twice 
that across the thyratron. This positive high voltage pulse is applied 
between the grid and the cathode of the driver tube (3529), and the 
dootetrapping action drives the grid of the 3E29 beyond the voltage required 
for plate saturation. Consequently the output taken off the cathode of the 
tube 4s a squere, flat-top pulse with very steep sides. This pulse is applied 
Girectly to the two modulator tubes (5D21's) which in turn pulse the nagnetrom. 
The magnetron is mounted adjacent to the output terminale so that the 
connecting leads are as ehcrt as possible. The pulse length is changed ty 
changing the air-core transformer and the 3£29 cathode resistor. These 
components are mounted on an octal socket rhich is plugged into the front 
panel of the modulator. 

The maximum power output obtainable from this modulator is limited 
ty the modulator tubes which in this case are incapable of furnishing 
pulses greater than 20 kv and at peak currents of 30 amperes. Higher 
voltage cannot be obtained from the type of modulator tube used here becanse 
of the internal arcing which occurs between elements in the tube. 

The pulse lengths obtained were determined by measuring the voltage 
Pulse on a fast sweep synchroscope, and checking the ref output by means 
of the spectrum analyser. The frequency difference between the first 
minima on each side of the center of the ref spectrum for the different pulse 
lengths is given in Table I. 








: TABLE I. Theoretical and neasured frequency differences for the ref 
spectra of a magnetron operated at different pulee lengths, 


Pulse length in Theoretical frequency Measured 
: usec difference in Mc/sec difference in eeo . 





0.60 3.3 3.5 
0.25 "8.0 . 8.0 
0.10 20.0 20.0 
0.05 40.0 40.0 f 
0.03 66.0 58.0 





When the shortest pulse length was used it was impossible to obtain 
ah accurate measurement with the spectrum analyzer because (1) the spectrum 
analyser receiver has an i-f pass band centered at 35 Mc/sec, consequently 
: the spectra on the upper and lower side bands overlapped somewhat when the 
frequency sweep was extended far enough to include the complete spectrum 
and (2) the local oscillator in the spectrum analyzer did not give a constant 
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output over the frequency range required for the spectrum presentation. 
These modulator tests shown in Table I were made using the short-pulse 
modulator previously described and a 7254 mepnatron oscillator. Sisilar 
resulte were obtained using a LYE m2j1etron. The short-pulse modulator is 


now used in the D2-]1 experimental system. 

The modulator built for use on the 2-2 was besed on the resulte obtained 
on the D2-1 modulator. One of the limitations of the D2-1 modulator was the 
high voltege of the pulses obtainable. Since the 725A magnetron was operating 
at these short pulses at 20 hv without arcing, it was falt cestrable to 

F deternine the waximm hivh voltege pulse that the 725A magnatron could stand 
without internal arcing occurring. Also, since too new BIL high power X-band 


magnetron was available, it wes necescary to have a modulator which could 
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furnish voltage pulses as high as 30 kv. With these requirements in mind, 
a high-power short-pulse modulator was designed and constructed. The result 
. 4s a modulator capable of furnishing 35 kv pulses at peak currents of 70 
emperes. ‘The pulse length can be varied from 0.20 psec down to a minimum 
of 0.02 nsec. 
A view of the modulator is shown in Fig. 2. As can be seen, all com- 
ponents are placed in such a way that all lead lengths are at a minimm. A 
heavy common ground consisting of a brass plate on which all of the com- 


ponents sre mounted eliminates any troublesome ground currents. The parasitie 
resistors in the modulator plate leads were eliminated without introducing 
parasitio oscillations by connecting all of the plates in common to a heavy 
teass plate. There were no stray inductances due to lead lengths in the 
plate circ:it because the one terminal of the coupling condenser was 

, connected directly to tho brass plate and at the other terminal to the 
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magnetron which, along with the electromagnet was built into the modulator. 
The viewing scope in the upper corner is ‘sed to view the voltage pulse. 
It has a 3 inch cathodeeray tbe with swcep speeds varying from 1 to 12 in. fuse. 
The aagnet used is a water-cooled electrouanet capable of producing a ragnetie 
field of 12000 gauss betneen pole pieces spaced a distance equivalent to that 
4m a BIL 4350 magnetron. A closed waterecooling system with forced circulation 
4g used to ocol the magnet and the marnetron. 
A diagram of the modulator circuit in given in Fig. 3. Its operetion 
4s as followss A positive trigger is applied to the blocking oscillator 
trigger smplifier which produces a high-voltage, fasterising (€00 volts/usec) 
* @eigger for the hydrogen thyratron (4C35). The hydrogen thyratron fires 
. across the pulse forming networ!: which has been resonance charged through 
the inductance and diode to a voltege approxiuately twice that available 
between the positive and ne ative sipply. ‘ihcn the thyratron fires it 
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short-cirouite the pulse forming line end a positive voltage equal to one 
helf that scross the line appears across the resistor in the cathode ciroult 
of the thyratron, This voltage remains at this level while the voltage wave 
travels down to the end of the network and is reflected back out of phase to 
eance) the voltege across the resistor. The actual resistance which is supposed 
to match the impedance of the pulse forming network is composed of the 20-oha 
resistor in the thyratron cathode cirouit and the grid resistance of the mode 


ulator tubes when they are driven positive. Since the pulse shaping depends 
om this matching resistance, it is important to choose the operating condition 
of the modulator tubes 90 thet the grid impedance will be correct. The positive 
voltage pulse thus produced is applied directly to the grids of the four 6022 
modulator tubes. The output from these tubes ia applied directly to the magnetron. 
The pulse-forming networks used in this modulator are made up of sections 
of high-voltage 50-cohm pulse cable, The shortest pulse (0.02 psec) is produced 
ty a section of cable 5 feet long. This ceotion is rigidly mounted in the 
modulator, with a high voltage coupling on the free end. Longer pulses are j 
obtained merely by adding longer sections to the short section. The high voltage on 
couplings change the characteristic ‘impedence of the cable somewhat tut not 
enough to affect seriously the pulse shaping. The maximum pulse length obtain- 
able ty this method depends on the length of accessible cable. The maximm pulse 
length in this modulator wag restricted by the size of the coupling condenser 
between the modulator and the magnetron. At longer pulse lengths, the slight 
Groop caused by the condenser discharge caused some instability in the magnetron 
operation. The pulse lengths obtained with this modulator were measured by 
means of the voltage pulse, the r-f pulse and the ref spectrum. The photo= 
grephs in Fig. 4 show the voltago pulses end the corresponding r-f pulses, 
In the case of both the voltago pulsos ond the ref pulses, the ringing 
observed is caused mainly by the lead longths in tho soopos, and by the cables 
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used to connect the modulator to the scope. One has only to resesber the 
bigh-frequency components present in such short pulses to appreciate the 
problems encountered in presenting such pulse shapes properly, The photo- 
greyhs in Fig. 5 show the r-f spectra for the different pulse lengthe along 
with the corresponding voltege pulses. 

A modulator using this same circuit but with lowerevoltage tubes and 
@ pulse-forming network made up of lumped constante was constructed to test 
the effect of short pulses on the operation of the LVX magnetron. The circuit = 
used ea 3045 thyratron and a 3E29 modulator tube. The pulse forming networks 
for the two pulse lengths were made up of three section L-C networks. The 
photographs in Fig. 6 show the voltage pulses, current pulses, and ref spectra 
for the two pulse lengths tried. 

The operation of the modulator used on the diel system is very similar 
to that of the S-2 modulator. Two 502] modulator tubes are used and the 
Gviver unit consists of a 3045 hydrogen thyratron with a pulse-forming network 
made up of lumped constant L-C circuits. The matching impedance for the ae 
pulse-forming network is located between the cathode of the thyratron ani ae 


ground. The cathode of the thyratron is condenser coupled to the grids of 


the modulator tubes. Resonance charging of the pulse-forming network is 


not used in this circuit. This modulator furnishes pulses varying in length 
from 5 psec down to a minimum of 0.10 psec. The maximum power output of thie 
modulator is limited by the l5-kv high-voltage supply. However it is adequate 
for the type of magnetron used, 

Rather extensive tests have bee:: made on the operational characteristics 
of the X-band magnetrons when opersted at these various pulse lengths. Maximum 
power output has been measured as e function of pulse length, magnetic field, 
and voltage. In general, the results agreed with rosults obtaincd at longer 


pulse lengths. The graph in Fir. 7 shows the relaticuship of maximum power 
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eutput to pulse length. The efficiency of the magnetron is also showa for 
the different pulse lengths. . 
A summery of the results of these tests is as follows: 

(1) The peak power output of the segnatred increased as ‘the pulse length 
was decreased. The peak power output varies fnversely as the square 
root of the pulse length ratio. ‘ 

(2) The magnetron could be opereted at much higher weltaged with the 
shorter pulse lengths. 

(3) ‘The magnetrons were zore stable and had a highses. outpu* and effieiency 
when operate! at high voltege and low currents than vice versa. 

(4) The ref spectrum had cood shaping at all pulse lengths if the voltage 
pulse was properly shared. 

(5) Most of the maguotrons tested, whon operated with short pulses, performed 
batter at higher repetition frequencies. 

(6) The shaping of the pulse hed a great influence on the stability of the 
magnetrons. Fast rise times did not cause any instability unless there 
was a spike on the front edge of the pulse, 

(7) The starting time of the megnetron varied between the different types 
of magnetrons. In general, the 725A magaetron seened to have the shortest 
starting tine. 


IV. RECEIVER AND INDICATOR DESIGN 


The ief bandwidth of any reccivcr used in a rader system is usually 
chosen with respect to the pulse lonvth ussd by the system. In order to 
have 6 maximum cignal to noises ratio in a reder receivor, it is necessary 
to have the i-f bandwidth of the receiver set at sons optimum value to reeeive 
as much energy from the returning yulse as possible without also veceiving a 


large amount cf noise. Studies on the opt4mr bandwidth fo: reo vers indicate 
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that the ief pass band should be approximately 1.2 times the reciprocal 

of the pulse length used. Thus, for the very short pulses, wide i-f pass 
bands are required -- e.g., for @ 0.10-nsec pulse length the i-f pass band 
sbould be 12 Mc/see, while for the 0.03 nsec pulse the i-f pass band should 
be 36 Mc/sec. The minimum pass band which should be allowed for the video 
amplifier is one-half that of the i-f pass band. If the video pass band 

is narrower than this some loss in signel strength will occur as well as 

very poor pulse reproduction. If one is interested in good pulse reproduction 
the video pass band should be wider. Also, if a system is to be operated 
under conditions where off-frequency c-w interference is encountered, the 
video pass band should be as wide as the ief pass band. A more complete 
discussion of this condition is given in a report by Allred. (1) 


The receivers used on the D2-] and the Jle]l systems wee designed and 
built for the reception of pulses as short as 0.10 usec, They have an in-f 
pass band of 15 Mc/sec centered at 30 Mc/see. These receivers consist of 
1, single-tuned steges arranged in seven sets of staggered pairs. The pase 
band is changed by inserting a two stege nerrow band def amplifier in place ; 
of the regular amplifier stages nunbers 9 and 10, Plate detection 4s used . 
at the second detector and the video signals from a cathode follower are 
fed to the video amplifiers at a 5«volt level through a 75-cohm line. Type 
GAK5 tubes are used in the ief section, and 6AQ7 tubes in the video section. 

The receiver used on the S-2 X-band system is also of special design. 

It has an i-f pass band of 35 Mc/sec centered at 80 Mc/sec. It consists of 
15 stages of 6AK5 ief amplificrs arrenged in three sets of staggered 
quintuplets. The second detector is a plate detector. The video signals 
are fed down to the video anplificrs at a 1 volt level through a 70-ohn 


video cable. 


(1) C. M. Allred and A. L. Gardner. R. L. Report No. 910 








These i-f amplifiers were designed and built following the design theory 
for wide band i-f amplifiers worked out by H. Wallean(2) the circuits for 
these two i-f amplifiers are shown in Figs. § and 9. A photograph of the 
35 Mo/aeo receiver is shown in Fig. 10. ~ 

The video amplifiers used on the intensity modulated indicators were 
of standard construction. Shunt peaking was employed to obtain the 
necessery bandwidth. Type 807 tubes were used in the last two stages. The 
indicator tubes were all driven in parallel across a 75-ohm terminating 
resistor. Positive signals were applied to the grids of the indicator tubes. a 
The indicators were connected together by what is called "petchcord technique." 
The grids of the intensity-modulated tubes were connected to the center 
conductor of a 7O-ohm cable prcperly terminated at the last tube. The 
connections between tubes were made by plug-in jacks in such a way that the 


terminating resistor at any tube was opened when the cable leading to another 
tube was plugged in. 

The type of A-scope used on the D2-] and Jlel contains a 5-in. cathode-ray 
tube with an S-Mc/sec video amplifier built into the unit. This video amp- fr ety 
lifier consists of a 6AC7 tube driving a 6V6 phase inverter. The signals 
from the phase inverter are taken off the plate and the cathode of the 6¥6. 

These signals are applied to the grids of two 6AG7's which in turn drive two 
807'g. The latter tubes aprly the signals to the deflection plates of the 
cathodeeray tube. Shunt peaking is used on the 6AG7's and the 807's. This 
amplifier has sufficient gain tc give a 3-in. deflection on the screen of 
the cat! ode ray tube when a 5-volt signal 1s ap lied at the input. 

The A-scope an’ video amplifier used on the S-2 system is the latest 
design of wide-band video enplifiex. This amplifier has a bandwidth of 
35 Mc/aec and a voltege gain of 100 which gives a l-in. deflection on the 


(2) H, Waliman, R. L. Report No. 524 
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Sein. screen when a video signal of l-volt is applied at the input. In order 
to achieve this band-width with amplifier tubss now available it is necessary 
to run the tubes above their rated plate ani screen dissipations. This is 
avoided by pulsing the tubes in the last two stages at a duty cycle of 
30 per cent. The circuit for this amplifier and its accompanying pulsing 
circuit is shown in Fig. 11. The sweep speeds available on the A-scope of 
this unit range from 20 in/psec to 0.0005 in./yseo, 1.00, 40 yards to 1000 i 
miles for the full sweep. The pulsed section can be delayed along with the 
@Wesp so thet signals at any range of the entire sweep can be presented on 
the fastest sweep. { 
Ths video amplifier used on the PPI of the S-2 system is similar to 
that used on the D2-] and Jl-1 indicators, with the exception that an 
improved circuit is used which results in a bandwidth of 12 Mc/sec. This 
amplifier also drives the PPI across a 75-chm loed. 


2am is canada 





When the use of the short pulses is considered, the first question which ‘ 
arises is what is gained or lost in using them? The net gain or loss depends 
on the purpose for which they are to be used, as woll as such factors as 
the maximum power obtainable at the differcnt pulse lengths, the maximm 
power consumption for the different radar units, and the loss in signal to 
noise ratio in going to shorter pulse lengths. 

If the peak power output from a magnetron is kept constant for all pulse 
lengths, then the ensrey per pulse is directly proportional tv tho pulse 
length. Similarily the energy in the signel return from a solid reflector 
will vary directly as the pulse length. Jf the receiver band-width, and 
sweep length on the indicator of the radar system are kept at an optimm 


value, then the signal return fiom # solic reflecto> would decrease by a 
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factor of 10 if the pulse length were decreased to 1/10, ‘This would mean a 


loss of 10 db in signal intensity, or e decrease of 45% in range on such a 
target. This would be disadvantageous to a system primarily interested in 


a high signe] to noise ratio on long-range targets. However, the actual loss 


need not be this great because the magnetron will give higher peak power 


outeputs at the shorter pulses ani the repetition frequency can be increased 


due to the lower duty cycle. The increase in signal to noise ratio due to 
change in repetition frequency is proportional to the square root of the 


ratio of the repetition frequencies. The increase in peak power output from 


the magnetron is roughly inversely proportional to the square root of the 


pulse length as is shown in the graph in Fig. 7. A calculation of the loss 


ip signal strength expected on the D2-1 system is given in Table II. 


TABLE II. Calculation of the signal loss expected when the system is 
operated at 0.03 usec instead of 1 psec. 











Pulse length ratio ' Jpses 4 db 
0.03 usec 

Maximm pulse : bo ke. ; 6 db 

power ratio 160 kw 

Repetition frequenay ware nenme —=24b___. 

ratio 1000 5 ab 








The resultent loss in going to the shorter pulse is 5 db instead of the 
14 ab one would expect dus to pulisc length variation alone. 

Since short pulses are used primarily for signal definition, any 
examination of such signals will be dune on expanded sweeps. Tests have 
shown that the optimm sweep speed to ve used on an A-scope or PPI for 
maximum signal to noise ratio is one in which the signal is approximately 


1 am long. This would correspond to a 10 wile sweep of a 5" cechode ray tube 
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forel nese signal or a 1 mile sweep for 0.10 psec, and 0.3 mile sweep for 
@ 0.03 neec signal. This sweep speed would be quite sufficient for the 
Close examination of signals. However if the sweep speed is doubled or 
halved, the presentation loss amounts to approximately 1 db on an Aescope, 
and approximately 0.5 db for a PPI. Thus the optixum condition for 
viewing signals corresponds to that used in the examination of most 
eignals. However, this is not too important, because such cereful 
examination of most signals is carried out when the signals are moh stronger 
than noise. 
Extensive operational tests usirg the various pulse lengths available 
have been made on various targets such as planes and land targets. The 
results agree reasonably well with those predicted. Intensity tests at 
pulse lengths of 1.0 psec, 0.25 nsec and 0.1 psec were made on a TBM 
airplane. The peak power cut-put and the repetition frequency vere held 
constant for all pulse lengths. In addition the sweep speeds on the 
indicators and the i-f pess beni were held at the optimm value for re 
minimum loss. The results are plotted on the graph in Fig. 12, As can : 
be seen, the loss in going from 1.0 msec to 0.1 nsec corresponds to the 
value predicted by theory. These measurements were taken in the manner 
deecrived in « Radiation Laboratory report. (3) 
Intensity tests were also made at pulse lengths of 0.25, 0.10, 
0.05, and 0.03 psec on two otrong lend signals. The peak power and 
repetition frequency were kept constant at all pulse lengths. The data 
are given in Table III. 


(3) L. B. Linford, Radiation Laboratory Report No. 64-10 
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TABLE III, Operational data showing a comparison between the theoretical 
and observed decrease in signal strength from targets for decreased pulse 


lengths ° 


Pulse length Observed signa). Observed Theoretical an 
Signal in pses Intensity in 4 éb difference in db difference in db 
A 0025 15 = i 
0.10 ake 4 
0.08 8 3 
0.03 5 3 222 
B 0.25 30 - - 
0.10 26 4 4 
0.05 25 3 3 
0.03 20 3 2.2 
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The results agree with the values predicted by theory, with the oxception 
of the 0,03 usec pulse. The added loss et this puise length resulted from 
the fact that the receiver 4+f pass band vas too nivrow (15 Ne/sec wes used 
for 0.10, 0.05, and 0.03 jisec pulnus), ond te naccurecies in making the 
measurements. 

The signal return fren en er pleno or fixed target comes from the 
front or visible surface of the terget. The total energy in a raider pulse 
ia contained in a volume whoso crosa section is determined by the beam width 
of the antcnna bean, and whoge depth is determined by the radar pulse leagth. 
In the case of reflection from a zolid object, all of the energy incidext 
upon the reflecting surface of the object will te reflectod or ebsorded. 

In the case of clouds er windcw, the sigoal return comes from a large mumber 


of individual reflectors dictribited throughout the volume determined by the 


radar pulse. If tho pulse Jength is decroxsed, this volume te decreased 
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ard hence the mmber of reflectors, or the effective reflecting area, 4:3 
reduced. Thus, for clouds or window, the effective reflecting erosa deponds 
on the uise of the cloud and o1 the 1r.der pulee longth used, whilo in the 

case of a solid object, the effective rcflecting arose is index rdent eof the 
radar pulse length and depends oaly on ihe sizo of ihe object itsclf, Hence, 
the use of short pulses shewld ciscriminte betrcea clouds ard so!J1 tergets 
in favor of the letter. If the pilse Longth sere reduced fiem 5 psec to 

0.10 nesc, the signal intensity loss om chevds with sorpess to lané simals 
should be 17 db. Exporinertal intensity tests do oa cleads cnd lard signals 
indicated a less of 18 db. Sim’IJer tests on vintev with respect So en 
airplane indicete the eame results, The PPI phetogrerhs is Fig. 13 show 

how the cloud intensity decreases with derrencdrg pulse Longta. 

: An ideel rudsr systea ig cne whieh cen paint a PPI pietote in wiich 

the upot size of the signal oa the FYI 15 ideatical in sizes te tx, correspondirg 
object on an corie] photegranh cquai in slice to the PPI pleture. In oinmler 
for this to bo possible, it would se nesassery to have en antenns pettesn 

of infinitely narrow beam vidta; e Gensnitter which trnemits yalsacs. siorter 
in duration tuan any object which will give e reflection; e« recciver vith a 
pass band wide enough to receive svch a pulse, zad ar indicator rita & spot 
size small enough to distinctly seirt tne srnatlest signais resolved. At the 
present time, sich raquirezents cannot ba ust, lut 2 compardsoa Sutweon @ 
radar picture of three yeara ign vith tie test oreseatetion vet ooteined 

ea show: in Fig, 14 will chov hew mach progress hes bsex. nado dn aide itveotlon. 
The PPI photograph taken threa pyecre ero was taxon cn the experinentel 3-bani 
system Jiel, The antcnoo besnenth as § degress, ths jasc Lengta ves 

1 psec and the presentation tes .f a five wile svoer length. The Cherles 
River Basin io just visible 3 conter cf th: pleturs., Ths moat recont 
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photograrh vas tele : 





the pulse length was 0.03 nsec and the presentation was of a one-mile sweep 
length. In this photograph the Charles River Basin is clearly visible, as 
well as the buildings on the M.I.T. campus. 

Sinee radar syetems have an antenna patter. with « finite beam width, a 
target some distance from the redar system will appear es an are on tho PPI, 
Since tnis beam width cannot be decreased at will, one might question the 
advisability of using a pulse longth short encuzgi: to make range discrimination 
much better than azinuth definicicn at the range of the terget being : 
examined. <A study of the photographs in Fig. 25 will show how much is gained 
in sipnal identification ty gcing to shorter pulses. These photogrerhs show 
the oneemilo azimuth presentaticn fo: tna Jl-i in going frou 5 svc down to 
0.10 yisoc. 

The related problem of renge definition versus azimuth dofiniticn is 
illustrated in Fig. 16. Here, one photograph shows the mepping produced by 
using a nerrow antenna pattern (1.5°) and relatively long rulces (1 pec), 
while the other shows the mapping prcduced by n broad eatenne pattern (5°) 
and short pulses (0.10 psec). Much more signal definition is afforded by 
the broad beem ani skort pulse presentation. 

The ideal. solution, as stated prnviousiy, is to uecreese both tho 
beam width and tho puleo leagth. Ths best evemple of this obtained thus fer 
is the photograph in Fig, 17, This is & photograph of sigrals received on 
the Xeband S-2 system at 0.03 nsec pulse length end 0,6° entenan deam end 
displeyed or. a twoentle PPI sieep. Since the antenna is Located nuch higher 
than the surrounding ouildings and since the beem is so narrow in elovation, 
only a limited rogicn avound M.1.T. ig ful’y ilivuminated. This region 
4lluminated depends on the engle of eclevatio:. of the antenna system. The 


accompanying rep and eerial photographs show how much cun be distinguished 
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In the use of these very short pulses, very many interesting facts 
have been observed. In general, buildings and solid objects give a very 
ateady signal return, while trees, boats, birds, and flags give a signal 
which fluctuates quite rapidly. The smallest targets thus far observable 
are seagulls, skaters, tuoys, lamp posts, flags and row-bcats. Subway 
trains can easily te followed over the Longfellow bridge. 

An additional advantage gained by the use of short pulses is the 
decrease in minimm range. The minimum range on a target obtained on the 
D20]. PPI is a turret 25 feet away. The minimum range at which a target is 
detected on the Aescope is 3 feet. The target was a corner reflector held 
outside the turret. This minimum range is mich lece than has been required 
as yet, but it does indicate that such minimum renges are possible, 

One problem met in the PPI presentation of short pulses on short sweeps 
starting at the transmitter is that of side lobes and signals caused by 
secondary reflection from near-by radomes, walls, ctc. Since the signal 
intensity from any target follows tho inverse fourth power law, a target 
neareby will give a much stronger signel then one some distance away, and 
in some cases, the side lobes from such neareby targets are strong enough 
to show on the PPI. These side lobe signals end secondary reflections can 
be eliminated by the use of a sensitivity time control unit. This unit can 
be used to decrease the receiver fain immediately following the initial 
pulse, then allowing the gain to increass following an exponential curve. 
With such a circuit it 1s possible to present near-by signals unseturated 
while noise is showing on the outer edge of the scope. This sane unit has 
been used successfully on the AEYV to help reduce the masking of signals due 
to sea olutter. 

As a countermeasure against eneay interference the velue of short-pilse 


rader systems depends on the type of interference. For ctcufusien interference 
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such as clouds, window, and sea return, the uss of short pulses is valuable 
inasmuch as such signals ere discriminated against in favor of more solid 
targets as discussed earlier. In the case of permanent echoes, short pulses 
are valuable in that they make possible greater signal definitions and hence 
decrease the possibility of confusion ceused hy large blocks of solid signals. 
The ability to identify certain factcries, gas tanks, off-shcre signals, is 
very valuable in aerial navigation. The phctograrhs in Figs. 15, 16, and 17 
amply illustrate this fact. 

Unfortunately, enomy interfsrence is not limited to such forms es 
mentioned previously. Other types of interference include various forms of 
cew jamming, railings, noise, and false signals, The wide band receivers 
necessary for short pulees are quite vulnerabls to these types of jamming 
because they will receive such signals over their entire pass band. Other 
countermeasures such as beck biasing, railing suppression, and fast time 
constants must be used in the recsivers under such jamming conditions. 

Since the uses to which e radar set can be put are many and varied, the 
choles of pulse length depends on the furction of the radar set. If the 
rader system is en early warning system where raximum signals to noise is 
most important, it would be unvise to nse short pulses. On the other hand, 
if the set is to be used in navigation, fire control, or in such tasks 
where accurate ranging end sigral definition are nost important, chort pulses 
would be very valueble, 

If a system is to serve one epecifie purpose then the pulse length 
best suited for that rurpose should be used. Jf the system is to be used 
for a variety of purpores, then several different julss lengths should be 


available. 


Vern.] Josephson 
Novembor 30, 1945 








Fig. 1 
Fig. 2 
Fig. 3 
Fig. 4 
Fig. 5 
Fig. 6 


Fig. 7 
Fig. 6 
Fig. 9 
Fig. 10 
Fig. 11 
Fig. 12 
Fig. 13 
Fig. % 
Fig. 15 
Fig. 16 
Fig. 17 


LIST OF FIGURES 


Short pulse modulator circuit 

Photograph of S-z short pulse modulator 

Diagram of S-2 short pulse modulator 

Voltage and r-f pulses for different pulse lengths 

Voltage pulses and r-f spectra for the different pulse lengths 
Voltage and current pulses and ref spectra obtained hy using 
an LVX Magnotron 

Graph of power output versus pulse length for a 4J50 magnetron 
Diagram of 15 lic/sec receiver 

Diagram of 25 Mc/sec receiver 

Photograph of 35 Hc/sec receiver 

Diagran of 35 Mc/sec video amplifier 

Graph of Plane tests for different pulse lengths 

Photographs of clouds at different pulse lengtha 

Comparison of D2=-] PPI with PPI photograph taken 3 years ago 
Photogrephs cf Jlel] PFI at different pulse lengths 

Photograph showing azimuth definition and range definition 
Comparison of S-2 PPI with aerial photograph and map 











“SMNO MI BUY SuOLSIS3N Viv 


"310M BML £0 LNOMS BML OLNI GEREN $1 NONE 
B6V8 26f2 Y NO 109 H19N37 BSINe 3H, wim SNOW 


G32LNNOW S! VSI-6Z3E BML 40 GVO" BGOhKiV9 Bei .3:9% 


aosi— 





ean ae 


a 








CIRCUIT DIAGRAM OF SHORT PULSE MODULATOR 





FIG. | 








FIG. 2— PHOTOGRAPH OF S-2 SHORT PULSE MODULATOR 
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FIG.3 CIRCUIT DIAGRAM OF S-2 SHORT PULSE MODULATOR 
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0.10 JLSEC VOLTAGE PULSE 0.10 pLSEC R.F. PULSE 
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0.05 PSEC VOLTAGE PULSE 0.05 piSEC R.F. PULSE 





0.03 SEC R.F. PULSE 





0.02 PLSEC VOLTAGE PULSE 0.02 PSEC R.F. PULSE 


FIG. 4 - VOLTAGE AND R.F. PULSE SHAPES OBTAINED FOR THE PULSE 
LENGTHS AVAILABLE ON THE S-2 MODULATOR AND iTS 4J50 MAGNETRON. 
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20 MC/SEC 
0.10 [LSEC VOLTAGE PULSE 0.10 J. SEC R.F. SPECTRUM 





‘40 mcssec’ 
0.05 SEC R.F. SPECTRUM 





0.03 MSEC VOLTAGE PULSE 
SCALE = 0.10 U SEC/INGH 


' 60 mcssec ' 


0.03 PSEC R.F. SPECTRUM 


FIG. 5— VOLTAGE PULSES AND CORRESPONDING R.F. SPECTRA FOR 
DIFFERENT PULSE LENGTHS ON THE S-2 MODULATOR AND ITS 


4J50 MAGNETRON. 
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FIG. 6 — VOLTAGE AND CURRENT PULSES ANDO R.F. SPECTRA FOR 
TWO PULSE LENGTHS OBTAINED WITH ALVX MAGNETRON. 
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FIG.8 CIRCUIT DIAGRAM OF I5MC/SEC RECEIVER 
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IN KILOWATTS 


POWER OUTPUT 





PULSE LENGTH IN MICGROSECONDS 


FIG. 7a ~ MAXIMUM PULSE POWER OUTPUT OF 4J50 MAGNETRON AS A 
FUNCTION OF PULSE LENGTH. : 


IN PERCENT 


EFFICIENCY 





0.02 0.04 0.06 0.06 90.1! 0.2 0.4 0.6 08 10 
PULSE LENGTH IN MICROSECONDS 


FIG. 7b— EFFICIENCY AT MAXIMUM PULSE POWER OUTPUT OF 4J50 MAGNETRON 
AS A FUNCTION OF PULSE LENGTH. 
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FIG.9 CIRCUIT DIAGRAM OF 35 MG/SEC RECEIVER 
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FIG.1! DIAGRAM OF 35MC/SEC VIDEO AMPLIFIER 
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FIG. 13 PHOTOGRAPHS SHOWING THE DECREASE IN CLOUD SIGNALS 
WITH DECREASING TRANSMITTER PULSE LENGTH. 
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| FIG. I7- COMPARISON OF S-2 PPI WITH AERIAL PHOTOGRAPH AND MAP. 
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ABSTRACT: 


Investigations have been carried out on the problems of producing short pulses and the necessary 
equipment for utilizing these pulses, Modulators capable of producing pulses as short as 0.02 micro 
sec have been built and tested. A receiver with an IF pass band of 35 mcps and a video amplifier 

and A-scope with a pass band of 35 mcps have been built and tested. Three different types of 
magnetrons, 725A, LVX, and 4350 have been tested on short pulse operation with good results. 


Radar operational tests using shdrt pulse equipment indicate that short pulses are quite valuable 
in combating confusion types of interference and in obtaining good signal definition, but are not 
recommended for long range operation, or = any types of electrical interference are present, 
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